We have shown that human T-cell leukemia virus type I (HTLV-I) gene expression is negatively regulated by the U5 repressive element (U5RE) of its long terminal repeat (LTR). To isolate factors binding to U5RE, we screened a cDNA expression library by south-western blotting with a U5RE probe. Screening 2 × 10 6 clones gave a positive clone with a 3.8 kb insert encoding a novel 671 residue polypeptide, named HTLV-I U5RE binding protein 1 (HUB1), with five zinc finger domains and a Krüppel-associated box like domain; HUB1 may be related to a repressor belonging to the Krüppel type zinc finger protein. 
INTRODUCTION
Human T-cell leukemia virus type I (HTLV-I) is the etiologic agent for adult T cell leukemia (1, 2) and HTLV-I-associated myelopathy/tropical spastic paraparesis (3, 4) . HTLV-I is downregulated on the viral gene expression in infected cells in vivo (5) , routinely establishing latent infections.
The gene expression of the HTLV-I provirus is regulated by various viral and host nuclear factors through the 5′ long terminal repeat (LTR). LTR is divided three regions, named U3, R and U5. The U3 region contains important elements transactivated by Tax, viral transactivator (6) (7) (8) (9) . The 21 bp repeat elements (TRE-1) work on Tax responsiveness through cAMP responsive element (CRE) (9) (10) (11) . A second Tax responsive element (TRE-2) is located between the two proximal 21 bp repeats, containing a binding site for cellular proteins, Sp1, TIF-1, Ets and Myb (7, (12) (13) (14) (15) . The R region contains an enhancer region reactive with YB-1, a basal transcriptional activator (16, 17) . The first 52 nt of the 5′ R region, which acts negatively on the activity of the promoter, functions as an attenuator of transcription (18) . An element at the boundary of the R-U5 region was proposed to control the basal gene expression, though this region represses HTLV-I gene expression with CRE-binding proetin (CREB) (19) . Seiki et al. (20, 21) have shown that the U5 region exerts its repressive effects at the post-transcriptional level. In addition, we have reported that the U5-mediated repression also occurred at the transcriptional level through the U5 repressive element (U5RE) and that Sp1, Sp3 and some nuclear factors were identified as U5RE binding proteins (U5RPs) (22, 23) .
In order to isolate new U5RE binding factors, we screened a Molt-4 cDNA expression library by south-western blotting with a probe of U5RE. We obtained a cDNA encoding a novel 671 residue polypeptide, named HTLV-I U5RE binding protein 1 (HUB1), with five zinc fingers DNA binding domains and a Krüppel-associated box (KRAB) like domain. Further experiments revealed that HUB1 may exert an inhibitory effect on the HTLV-I LTR-mediated gene expression through binding to the U5RE.
MATERIALS AND METHODS

A probe for south-western blot screening
To obtain U5RE double-stranded DNA (+269 to +295), synthetic oligonucleotides 5′-GATCTAAGTTCCACCCCTTTCCCTTTC-ATTCG-3′ (a BglII site is underlined) and 5′-GATCCGAAT-GAAAGGGAAAGGGGTGGAACTTA-3′ (a BamHI site is underlined) were annealed (23) . After ligating double-stranded U5RE, single orientation products were prepared by doubledigested mulitmerized U5RE with BamHI and BglII. The multimerized U5RE DNAs were separated by 15% acrylamide gel electrophoresis and eluted in 500 µl of TE buffer. The eluted fraction containing eight tandem repeated U5RE DNA, called 8xU5RE, was ligated to pSL1180 plasmid (Pharmacia) cut with BamHI and BglII using DNA ligation kit Ver.2 (TaKaRa). Using this plasmid DNA as a template for a probe, 8xU5RE DNA was labeled with [ 32 P]dCTP by polymerase chain reaction with following primers; pSL-F: 5′-CGCTGATATCGATCGCGCGC-3′ (3083-3102), pSL-R: 5′-ATAACCCGGGCCCTATATAT-3′ *To whom correspondence should be addressed. Tel: +81 6 382 2612; Fax: +81 6 382 2598; Email: hisanaga.igarashi@shionogi.co.jp . PCR was performed with 10 cycles under the following conditions; 94_C for 30 s, 55_C for 30 s and 72_C for 30 s. The specific activities were ∼1 × 10 6 c.p.m./ng.
Protocol of south-western blot screening
Construction of the cDNA expression library from human T cell line Molt-4 has been described (24) . Escherichia coli DH10B cells of the library were grown on 15 cm dishes at ∼5 × 10 4 colonies/dish. The lifted filters were transferred onto LB broth agar dishes containing 1 mM isopropyl thio-β-galactoside (IPTG) and incubated for 3 h at 37_C (55) . The filters were exposed to chloroform vapor and incubated for 16 h at room temperature in E.coli lysis buffer [100 mM Tris-HCl, pH 7.8, 0.15 M NaCl, 1.5% BSA, 1 µg/ml of DNase I (Sigma) and 40 µg/ml of lysozyme (Sigma)] (24). The blotting proteins on the filters were renatured by exposing for 5 min at 4_C with step-wise (6, 3, 1.5, 0.75, 0.35, 0.175 and 0 M) guanidinium thiocyanate in DNA binding buffer (20 mM Tris-HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA, 1 mM DTT, 5% glycerol and 10% skim milk). DNA binding reactions on the filters were performed for 1 h at room temperature in DNA binding buffer with 100 µg of the 32 P-labeled probe. Thereafter, the filters were washed twice with DNA binding buffer for 30 min, followed by exposure to X-ray films (Kodak) with an intensifying screen.
Amplification of 5′ region of HUB1 cDNA by 5′ rapid amplification of cDNA ends (RACE)
Human leukemia, lymphoblastic and human skeletal muscle Marathon-Ready cDNA (Clontech) were amplified by PCR with following primers; for first PCR R2 5′-GTCCATGTC-CCATTCTTGAG-3′ (324-305), second PCR R1 5′-GA-GAGCTCCATCTACAGCCC-3′ (58-38). PCR was performed under recommended conditions of the manufacturer. Amplified cDNA was cloned into a plasmid vector with TA cloning Kit (Invitrogen). Sequence analysis was performed with four independent clones.
Northern blotting analysis
Multi-tissue Northern Blot filters (Clontech), on which RNAs from human tissues have been blotted, were used. The KpnI and SalI fragment (742 bp in size) of HUB1 cDNA and the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (972 bp in size) were labeled with [ 32 P]dCTP by Multiprime Kit (Amersham) as probes. Hybridization with radiolabeled probes was carried out for 16 h at 42_C in hybridization buffer (6× SSPE, 10% Denhart's reagent, 1% SDS and 50% formamide). The filters were washed twice for 30 min at 65_C with 0.2× SSC and 1% SDS, followed by exposure to X-ray film (Kodak) with an intensifying screen.
Plasmid constructions
The construction of the reporter plasmids pBLTR-1 and pBLTR-9 has been described (23) . pEF-BOS-HA-HUB1 plasmid, which expresses a HA epitope-tagged, entire HUB1 protein was constructed based on pEF-BOS plasmid (25) . The plasmid pTK-CAT has a CAT gene under the control of a minimum HSV-TK gene promoter. 2xU5RE-TK-CAT or TK-3xU5RE-CAT had inserted the two tandem repeated U5RE fragment upstream of the promoter or the three tandem repeated U5RE fragment between the promoter and the CAT gene of pTK-CAT plasmid (Fig. 4A) . Control reporter plasmids, pRSV and pICAM-1, which express the CAT gene under the control of the RSV LTR promoter and the ICAM-1 promoter (26) were used. A series of pSG plasmids was based on pSG-424, which expresses a protein consisting of the GAL4 DNA binding domain under the control of the SV40 early promoter. Other various plasmids, each of which were constructed an indicated subdomain of HUB1, the HSV VP16 activation domain or Kox1 KRAB domain, were named pSG-KRAB, pSG-F1, pSG-F2, pSG-N7-2, pSG-N11, pSG-N14, pSG-N4, pSG-N6, pSG-C5, pSG-Rep, pSG-VP16 and pSG-KOX (Fig. 6) . The Luc reporter plasmids p5xGAL4-C/EBP(-79)-Luc and pC/ EBP(-79)-Luc were provided by M.Imagawa (27) . All plasmids were constructed by standard method and confirmed by DNA sequencing (55) .
Cell culture and transfection
HeLa cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS). MT-2 cells were maintained in RPMI1640 supplemented with 10% FBS. HeLa cells were transfected with plasmids using a Lipofectin KS reagent (Life Technologies, Inc.) in serum-free culture medium followed by culturing for 16 h and then cultured for 48 h in the FBS-supplemented media. MT-2 cells (5 × 10 6 ) were transfected by electroporation (Gene Pulser II; BIO-RAD) in a 0.4 cm cuvette at 250 V and 960 µF. To normalize transfection efficiency, the βGal expression plasmid, pCMV-βGal (Invitrogen), was co-transfected. The cells were scraped in 300 µl of Cell Lysis buffer (Promega) and CAT, luciferase and βGal assays were performed as described (22, 23) .
Electrophoretic mobility shift assays (EMSA) using His-tagged HUB1 fusion protein
The HUB1 cDNA fragment was inserted between KpnI and NotI sites of pRSET A prokaryotic expression vector (Invitrogen) to create a His-HUB1 fusion protein driven by the T7 promoter, by which NB12 E.coli were transformed. His-HUB1 protein was purified by Ni-coated bead purification method. The recombinant protein was incubated for 30 min at room temperature in 20 µl reactions with 32 P-labeled U5RE probe and various competitors, followed by EMSA as described (22) .
Nucleotide sequence of HUB1
The nucleotide sequence data reported in this paper will appear in the GenBank, EMBL and DDBJ Nucleotide Sequence Databases with the accession number D30612.
RESULTS
Molecular cloning of cDNA encoding a novel U5RE-binding protein
In order to isolate a cDNA clone(s) encoding a U5RE-binding protein(s), south-western blot screening was carried out as described in Materials and Methods. After screening 2 × 10 6 colonies, two positive clones were isolated. Nucleotide sequencing revealed that these were from the same mRNA. One of these clones, named NSW 2-2, contained the longer insert cDNA of 3776 nt in size, encoding a polypeptide of 671 amino acids in length. The 5′ terminus of the mRNA was determined by 5′ rapid amplification of cDNA ends (RACE) to be 138 nt upstream from the first methionine, the surrounding sequence of which conforms to the Kozak's rule. The deduced amino acid sequence indicates that it is a novel protein, named HUB1, standing for HTLV-I U5RE Binding protein 1.
When the cDNA fragment of HUB1 was used as a probe, Multi-tissue Northern blots show 4.0 kb mRNA transcripts and almost equally amounts in all human tissues tested (Fig. 1) . The data suggest that a 4.0 kb HUB1 mRNA for HUB1 is ubiquitously expressed.
Five tandem repeated zinc fingers at the C-terminus and other structural features of HUB1
HUB1 deduced amino acid sequence revealed that it contains five tandem repeated zinc fingers at the C-terminus, located between amino acids 518 and 657 ( Fig. 2A) . The figure displays the sequence alignment of the five repeats to the consensus sequence of the C2H2 type and exhibits significant homology with those of the Drosophila repressor protein Krüppel (28) .
Further analysis of the protein sequence revealed several other interesting features. A Krüppel associated box (KRAB) like domain was identified between amino acids 196 and 261 in HUB1 (Fig. 2B) . It is rich in charged amino acids, mostly located at the N-terminus close to the start site of the Krüppel type zinc finger proteins and mediates transcriptional repression (29) (30) (31) . The KRAB domain is subdivided into A and B domains (Fig. 2B) . In KRAB like domain of HUB1, A domain is highly conserved but B domain is not so. There are some other features as proline rich domains (amino acids 32-75 and 403-443), leucine rich domain (98-185) and glycine rich domain (470-503) (Fig. 6 ). Thirty-eight amino acid repeated domains (237-421) appeared to be as four repeats of amino acid sequences as aligned in Figure  2C . The KRAB B domain forms a part of this domain. These data suggest that HUB1 may be related to a repressor belonging to the Krüppel type zinc finger proteins. 
Binding specificity of recombinant HUB1 to U5RE
To verify whether HUB1 binds to U5RE, we performed electrophoretic gel mobility shift assays (EMSA) with the purified recombinant HUB1 protein and the U5RE DNA, followed by competition analyses with various U5RE mutants in EMSA. Figure 3A shows that HUB1 specifically binds to U5RE. The shift band is shown not to be competed with U5RE mutants, M7, M9, M10, M51, M52 and M22 (Fig. 3B) . The other mutants, M8, M19, M20 and M21, have an ability to compete against the wild type (Fig. 3B) . These data suggest that the sequence of HUB1 binding core motif is TCCACCCC (Fig. 3C ).
HUB1 is a transcriptional repressor binding to U5RE
The above results led us to test whether the over-expression of HUB1 is sufficient to repress HTLV-I LTR gene expression in cells. We constructed a pEF-BOS-HA-HUB1 plasmid, which expresses a hemagglutinin (HA) epitope-tagged HUB1 fusion protein under the control of the EF-BOS promoter, and 
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cotransfected it into HeLa cells with the chloramphenicol acetyltransferase (CAT) reporter plasmid under the control of HTLV-I LTR containing U5RE, pBLTR1 or deleted U5RE, pBLTR9 (Fig. 4A) . Figure 4B shows that HUB1 exerts a strong repressive effect on the CAT expression of pBLTR1 in HeLa cells (lanes 1 and 2), but a weaker repressive effect on that of pBLTR9 or no effect on the CAT expression under the control of the RSV LTR promoter, pRSV (lanes 3-6). The weaker repressive effect of HUB1 on HTLV-I LTR deleted U5RE promoter activity may be due to the TCCTCCCC sequence, homologous to the HUB1 binding core motif, present in the U3 region of LTR. On the other hand, RSV LTR has no sequence homologous to U5RE. These results suggest a possibility that this repressive effect of HUB1 mainly depends on the existence of U5RE or U5RE like sequence in the promoter. To verify this possibility, we further constructed two CAT reporter plasmids under the control of the TK minimum promoter with fused tandem repeats of the U5RE, 2xU5RE-TK-CAT and TK-3xU5RE-CAT, and performed CAT assays using them compared to a control TK-CAT (Fig. 4A) . Figure 4B (lanes [7] [8] [9] [10] [11] [12] shows that HUB1 exerts a strong repressive effect on the CAT expression of both 2xU5RE-TK-CAT and TK-3xU5RE-CAT in HeLa cells. Thus, these data suggest that HUB1 is a transcriptional repressor binding to the U5RE.
HUB1 represses HTLV-I LTR-mediated transcription even in the presence of Tax
We next tested whether HUB1 can repress LTR-mediated transcription also in the presence of Tax. For this purpose, we used HTLV-I-infected human T cells, MT-2, in which Tax is highly and constitutively expressed. Figure 5 shows that HUB1 exerts a strong repressive effect on the CAT expression of pBLTR-1 in MT-2 cells, but a weaker repressive effect on that of pBLTR9 or no effect on the CAT expression under the control of the ICAM-1 promoter, pICAM1. The ICAM-1 promoter responds to Tax (26), but does not contain the HUB1-binding sequence. These data suggest that HUB1 can function as a transcriptional repressor, even in the presence of Tax. 
Properties of KRAB like domain of HUB1 compared to the typical KRAB domain of Kox1
To identify a repressive domain of HUB1, we constructed pEF-BOS-HA-∆HUB1 plasmid, which expresses an N-terminal deletion HUB1 mutant protein (amino acids 357-671) under the control of EF-BOS promoter. CAT assays revealed that CAT activity of TK-3xU5RE CAT increases 1. (Fig. 6) . Transfection experiments show that Kox1 KRAB domain exerts a strong repressive effect on the Luc expression of p5xGAL4-C/EBP(-79)-Luc in HeLa cells (Fig. 6) but not on that of pC/EBP(-79)-Luc (data not shown), confirming the previous results (30) and the GAL4 binding site specificity of the promoter. On the contrary, the KRAB like domain of HUB1 exerts an activation, not a repressive effect (Fig. 6) . Thus, these results suggest that the KRAB like domain of HUB1 functions as a transcriptional activating domain unlike the Kox1 KRAB domain.
Identification of the transcriptional repressive domain of HUB1
To identify a transcriptional repressive domain of HUB1, we constructed various plasmids, each of which expresses a fusion protein of GAL4 DNA binding domain (1-147) linked to an indicated subdomain of HUB1 (Fig. 6) . Each of these plasmids was cotransfected into HeLa cells with the Luc reporter plasmid, p5xGAL4-C/EBP(-79)-Luc or pC/EBP(-79)-Luc, followed by the luciferase assays. The Luc expression of pC/EBP(-79)-Luc was influenced by none of these plasmids (data not shown). As shown in Figure 6 , a positive control pSG-VP16 shows 81-fold increases of basal Luc activity of a negative control pSG-424. In addition to pSG-N7-2 plasmid, pSG-N11, -N14 and -N4 plasmids show the repressive activity on the Luc expression. pSG-N6 shows a slightly activating effect other than the repression, strongly suggesting that KRAB like domain of HUB1 does not function as a repressive domain and consistent with the above results. Then, pSG-C5, -F2 and -F1 plasmids show gradually higher in fold induction, suggesting a possibility that the region with amino acids 304-468, including the four tandem 38 amino acid repeat region and one of the proline rich domains, might be another activating domain of HUB1. Moreover, these results also strongly suggest that the region with amino acids 76-184 has a repressive activity. To verify this possibility, pSG-Rep plasmid was constructed and tested, resulting in a strong repressive activity. Thus, these results suggest that this region includes a repressive domain of HUB1. Interestingly, however, in spite of involving this repressive domain, pSG-C5 does not show the repressive activity. This suggests that for the entire protein HUB1, the N-terminal region with amino acids 1-75 might also be required to function as the repressor.
DISCUSSION
HUB1, a novel Krüppel type zinc finger protein, is a potential repressor of the LTR-mediated gene expression of HTLV-I
Repression of HTLV-I gene expression may be important to explain the viral latency. Indeed, HTLV-I is known to be down-regulated in PBMCs of either asymptomatic or symptomatic carriers (5). We have previously identified the transcriptional repressive element (U5RE) in the HTLV-I LTR U5 region and several binding proteins to U5RE, such as Sp1, Sp3 and other unkown proteins (22, 23) . Sp3 represses Sp1-and Sp4-mediated activation, considered being an inhibitor of the Sp1 family (32) (33) (34) . Thus, we have assumed that the repression of the HTLV-I gene expression is mediated, at least in part, by Sp3 binding to U5RE. In addition, we have assumed another possibility that other binding proteins to U5RE may participate in the repression. To assess this, in this paper, we tried to clone cDNA(s) encoding a U5RE binding protein(s) using south-western blot screening with the 32 P-labeled U5RE as a probe. As a result, we got a candidate gene encoding a novel polypeptide, named HUB1. EMSA revealed that HUB1 specifically binds to U5RE and recognizes the TCCACCCC sequence as a core motif. It is noteworthy that the CCACCC sequence is the core binding motif of the U5RPs (22) . Moreover, we found the fact that HUB1 represses the HTLV-I LTR-mediated gene expression in a Tax independent manner. These findings suggest that HUB1 may work at both the early and the late phase of viral infection: HUB1 may repress the expression of viral proteins, avoiding the cytotoxic T lymphocyte response of the host. Thus, we propose the hypothesis that HUB1 may facilitate a latent infection of HTLV-I. The CACCC sequence is well known as the motif bound to some transcription factors such as Sp1-family and Krüppel type zinc-finger proteins (35) (36) (37) (38) . In addition, a common sequence, CCACCC, termed the retinoblastoma (RB) control element (RCE) motif, has been identified as being important for conferring RB-mediated transcriptional repression (39) (40) (41) (42) . These findings may provide evidence for a functional link between HUB1 and Sp1-family proteins, Krüppel type zincfinger proteins and RB. Moreover, the TCCACCCC motif was found in the upstream promoter region of ATF3 (43) and IL2 (44) , assuming that the expression of these genes may be regulated at the transcriptional levels by HUB1.
HUB1 belongs to Krüppel type zinc finger proteins and contains a novel type of KRAB domain
The primary sequence of the deduced HUB1 polypeptide revealed a cluster of five zinc finger regions of the C2H2 type homologous to that of the Drosophila repressor Krüppel. The zinc finger proteins are comprised in a large superfamily of transcription factors. So far, the 300-700 human genes are known to belong to the C2H2 type (29) . Recent studies have indicated that an individual zinc finger has a capability to bind to a specific triplet of DNA and that zinc fingers have the ability to discriminate among triplets of similar nucleotide sequences. So far, it is not clear whether all of the zinc fingers of the C2H2 type can participate in the interaction with the DNA target sequence. It is noteworthy that Krüppel has two faces in dose-dependent manner; it functions as a trans-activator in the lower amounts of the protein or a repressor in the higher amounts exsisted in cells. The repressive domain of Krüppel has been identified to interact with the TFIIB and TFIIEb proteins (45) (46) (47) . HUB1 does not have any sequences homologous to that of this repressive domain.
HUB1 has a KRAB like domain, suggesting that it may be related to a repressor belonging to the Krüppel type zinc finger proteins. Therefore, we first assumed that its KRAB like domain might be possible to have the repressive activity. One-third out of C2H2 zinc finger proteins involve a KRAB domain, most of which are located close to the N-terminus, especially in the C2H2 zinc finger proteins with the potent repressive activity (30, 31, 48) . On the contrary, the KRAB like domain of HUB1 is located between amino acids 196 and 261, i.e., located relatively far from the N-terminus, and exerts a potential effect on the trans-activation rather than on the repression. Recently, KAP-1 (KRAB-associated protein-1) was isolated by the binding ability to the KRAB domain of KOX1. Interestingly, KAP1 was not able to bind to the KOX1 KRAB domain with either two substitution mutations, DV to AA or MLE to KKK, as shown in Figure 2B (49) . Moreover, these mutations greatly diminished the repression activity (30, 49) . The sequences MLE are conserved among 90% of the KRAB domains known (31) . Unlike KID1 (31), ZNF141, ZNF133, ZNF140 (50) and KOX1 (30) , which are known as a repressor, HUB1 does not have the conserved sequence of MLE (marked with dots in Fig.  2B) . Thus, the evidence suggests that KRAB like domain of HUB1 might form a new type having transcriptional activating activity. Similarly, some of the unclassified zinc finger proteins, such as ZFP36, ZNF41 and ZNF75 (31, 51) , seem to have KRAB domains with unconserved MLE sequences, implying that these proteins may belong to the new type.
Upon further analyses of the primary sequence, we found some other features as proline rich domains (amino acids 32-75 and 403-443), Leucine rich domain (98-185) and Glycine rich domain (470-503). Leucine rich and proline rich domains may mediate protein-protein interaction. Especially, Leucine rich domain (98-185) is similar to the leucine-zipper domains of proteins of the bZIP family of transcription factors (52) , suggesting that it may facilitate protein-protein interaction by leucine-zipper formation. There is a putative SH3 binding domain (402-408) in one of the proline rich domains (53) . A glycine rich domain has been identified in a transcription factor, YY1 (54) , however this domain has not known any functions on such as transcriptional activation and repression. This domain of HUB1 might function as a spacer between DNA binding and functional domains, because of the flexible feature of the glycine rich domain. Actual functions of these predicted domains remain to be determined.
Identification of a novel repressive domain and a novel trans-activating domain in HUB1
The transfection experiments demonstrated that HUB1 may be one of the specific repressors interacting to U5RE in the HTLV-I LTR. Moreover, the region with amino acids 74-184 of HUB1, named HUB1 repressive domain (HUR), was identified to be a function domain for the repression. The HUR domain includes leucine rich domain (amino acids 98-185) mentioned above, possibly suggesting critical contribution in protein-protein interaction. We searched the NCBI database for homologues of HUR domain and identified some entries of expressed-sequence tag (EST) cDNA clones. Among them, the highest one, a Soares mouse placenta EST clone (accession no. AA015135), is 65% identical and 80% similar over the sequences between amino acids 110 and 164, suggesting that this subdomain may form a new conserved domain. Thus, we assumed the possibility that a cellular protein, which binds to HUR domain, may be indispensable to the repression by HUB1. Moreover, the N-terminal region with amino acids 1-75 might be also indispensable to the repressive activity of the entire protein HUB1. This region includes a proline rich domain (amino acids 32-75), suggesting that it may mediate protein-protein interaction as mentioned above.
In addition to the KRAB like domain, the region with amino acids 304-468, including the 38 amino acid repeat region and one of the proline rich domains, was identified to be another activating domain in HUB1. Like the Drosophila repressor Krüppel or Sp3 (32, 47) , HUB1 may show the transcriptional activating activity under some circumstances. To understand the relationship between the HUB1 repressive effect on HTLV-I gene expression and viral latency, we need to know the biological nature of HUB1.
